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PEEKE, H. V. S., S. C. PEEKE, H. H. AVIS, AND G. ELLMAN. Alcohol, habituation and the patterning of aggressive 
responses in a cichlid fish. PHARMAC. BIOCHEM. BEHAV. 3(6) 1031 1036, 1975. - Territorial cichlids were presented 
for 30 min with a conspecific male intruder (contained in a clear glass tube). Eight hr prior, 2 groups were administered 
alcohol (0.15 or 0.30 percent in the aquaria water). A third group served as a control. Three responses were recorded to 
allow analysis of topographic changes in behavior as well as changes in absolute levels. During the habituation phase, the 
normal group showed a sequence of long displays, followed by shorter ones as the frequency of attacks increased. The 
occurrence of threat which gradually gives way to attack is characteristic of the agonistic behavior of this species. In 
contrast to the controls, the 0.15 percent group was hyperaggressive, while the 0.30 percent group was hypoaggressive. 
Furthermore, the patterning of responses were abnormal. The 0.15 percent group gave abbreviated threats and more 
attacks (interpreted as a tendency to attack without warning); whereas, the 0.30 percent group gave many long threat 
displays, but few attacks. A stimulus specificity test provided strong evidence that the waning found during the initial 
phase was habituation. 
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Stimulus Specificity 

Response Topography 

THE presen t  s t u d y  was designed to  invest igate  the  ef fec ts  
of  a lcohol  on  the  e l ic i ta t ion  and  h a b i t u a t i o n  of  aggression 
in te r r i to r ia l  male  convic t  cichlids.  There  are a n u m b e r  o f  
advantages  to  the  use of  this  species as a mode l  for  the  
effect  of  a lcohol  on aggression. A f o u n d a t i o n  of  data  has 
been  prov ided  by  the  use of  lower  ve r t eb ra t e s  (especial ly 
fish and  birds)  upon  which  theor ies  of  aggression, terr i tor i -  
al i ty and  the  m a i n t e n a n c e  of  i n t e rpe r sona l  space have been  
b~ailt. The  e x t r a p o l a t i o n  of  these  theor ies  to  h u m a n  
behav io r  (necess i t a ted  by  a p rosc r ip t ion  against  such  
research wi th  h u m a n s )  has been  done  wi th  vary ing  degrees 
of  care and  soph is t i ca t ion  to  yield,  on the  one hand ,  
s implis t ic  and  p r o b a b l y  e r roneous  c o n c e p t i o n s  of  h u m a n  
aggression, bu t  on  a more  soph is t i ca ted  level, guidel ines  and  
h y p o t h e s e s  for  fu tu re  research.  

The  aggressive and  te r r i tor ia l  behav io r  of  the  convic t  
cichlid has been  s tud ied  ex tens ive ly  in the  wild [8]  and  in 
the  l abo ra to ry  [6, 11, 2 1 ] .  The  t ime  course  of  ter r i tor ia l  
e s t ab l i shmen t ,  b reed ing  and raising of  fry are well docu-  
m e n t e d  as are the  respect ive roles of  males  and  females  at  
each phase. There  is subs tan t ia l  ev idence  t ha t  a sol i tary  
male ( the  p repa ra t i on  used in the  p resen t  s tudy)  will r emain  
te r r i tor ia l  for long per iods  of  t ime,  thus  provid ing  a 
relat ively c o n s t a n t  s tate  of  aggression upon  which  drug 
effects  may  be super imposed .  

The  drug t r ea ted  convic t  cichlid also has advantages  as a 
p s y c h o p h a r m a c o l o g i c a l  tool  [ 9 ] .  I f  the  drug is wa te r  

soluble  it is easily admin i s t e red  by add ing  it d i rect ly  to  the  
aqua r ium wate r  and  thus  the  m a i n t e n a n c e  of  a s teady b lood 
a lcohol  level (BAL)  is accompl i shed  by  ma in ta in ing  a given 
c o n c e n t r a t i o n  of  a lcohol  in the  aquar ium.  It shou ld  be 
n o t e d  t ha t  while the  level of  b lood  a lcohol  is p r o p o r t i o n a l  
to  aqua r ium c o n c e n t r a t i o n ,  the  specif ic  level is species- 
specific.  Uptake  s tudies  for  the  convic t  c ichl id  have s h o w n  
tha t  it will ma in t a in  an a s y m p t o t i c  BAL of  65 percen t  of  
the  aquar ium c o n c e n t r a t i o n  a f te r  6 hr  [10]  whereas  the  
goldfish ma in ta ins  an a s y m p t o t i c  BAL of  85 percen t  a f te r  a 
similar l eng th  of  t ime  [ 17] .  Also, like o the r  species of  fish, 
this  p r epa ra t i on  has n u m e r o u s  neurologica l  s imilari t ies  to  
m a m m a l s  [51.  

Previous  research on  changes  in levels o f  aggression in 
fish as a resul t  o f  a lcohol  admin i s t r a t i on  has shown tha t  a 
m o d e r a t e  dose of  a lcohol  enhances  aggressiveness whereas  a 
m u c h  h igher  dose inh ib i t s  the  behav io r  [ 1 6 , 1 5 ] .  Since 
up take  data  was n o t  p rovided  for  the species used (Siamese 
f ight ing fish) in these two  studies,  dose level can no t  be 
de t e rmined .  However ,  s imilar  results  were found  by Peeke, 
et al. [ 10] where  a very low dose (0.07 percen t  a lcohol  per  
vol of  aquar ium water)  had essent ial ly  no  ef fec t ;  a 
mode ra t e  dose (0 .18 pe rcen t )  increased the  f r equency  and  
du ra t ion  of  aggressive display and  f r equency  of  bi t ing;  
while a th i rd  dose (0.33 percen t )  inh ib i t ed  all 3 measures,  
p roduc ing  a hypoaggressive bu t  o therwise  no rma l  fish. 

Since previous  research has shown tha t  various doses 
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change init ial  responsiveness  to an aggression-elicit ing 
s t imulus ,  it was reasoned tha t  the course of h a b i t u a t i o n  to 
such s t imul i  might  also be changed by alcohol.  Hab i tua t ion ,  
the  waning of  response to a repea ted  or cons t an t  s t imulus ,  
is pe rhaps  a basic form of  adapt ive modi f i ca t ion  while  being 
also one of  the  least s tudied  learning p h e n o m e n a .  Recen t ly  
we have a t t e m p t e d  (see also [ 1,4] ) to  relate h a b i t u a t i o n  to 
the  r educ t ion  of  aggressive e n c o u n t e r s  be tween  adjacent ly  
terr i tor ia l  conspecif ics .  There  is n o w  evidence tha t  hab i tua-  
t ion of aggressive behav ior  in ter r i tor ia l  fish is pers is tent  
over t ime  and very s t imulus  specific;  all are cri teria of  a 
process tha t  serves to lower  aggression be tween  ne ighbors ,  
bu t  ma in ta in  f ight ing readiness against  in t ruder s  [ 12] .  Field 
studies of  birds suggest tha t  a s imilar  p h e n o m e n o n  opera tes  
in the i r  spacing behavior .  

There  are several changes in the  course of  hab i t ua t i on  
that  might  occur  as a result  of a lcohol .  Hab i tua t ion  might  
take place at the  n o r m a l  rate ( a l though  f rom an a l te red  
s tar t ing po in t ) ,  at an a l tered rate (e i the r  faster  or s lower)  or 
might  no t  take place at all. An addi t iona l  possibi l i ty would  
be specific effects  upon  the  pa t t e rn ing  of the sequence  of  
the  various aggression behaviors .  Such an a l te ra t ion  in the  
t o p o g r a p h y  of  behav ior  would  be par t icular ly  i m p o r t a n t  
since some behaviors  serve as signal func t ions  ( th rea t s  or  
warnings)  while o the r  behaviors  infl ict  injury.  Several 
measures of the  aggressive sequences  of behav io r  are 
r epor t ed  here as we feel tha t  changes in the  t o p o g r a p h y  of  
behavior  are as i m p o r t a n t  and in format ive  as changes  in 
absolute  level or in tens i ty .  

METHOD 

Animals and Apparatus 

T w e n t y - o n e  adul t  male convict  cichlids (Cichlasoma 
nigrofasciatum) were placed individual ly  in glass aquar ia  
(90 x 30 x 30 cm) con ta in ing  a ceramic pot  lying 10 cm 
f rom one end  of  the tank  on  a subs t ra te  of  coarse gravel. 
The po t  served as a refuge and  could be cons idered  the  
cen te r  of  a te r r i tory .  Air-driven filters ma in t a ined  f i l t ra t ion 
and  ci rculat ion,  bu t  were d i sconnec ted  when  the  a lcohol  
was i n t r o d u c e d  in to  the  tanks  for the  dura t ion  of  the  
expe r imen t .  Water  t e m p e r a t u r e  was m a i n t a i n e d  at 25°C. 
(-+2°). Fish were fed live br ine shr imp and dried food  daily 
and  were al lowed to accl imat ize  to  the  s i tua t ion  for 5 days 
before  the  e x p e r i m e n t  began. 

Procedure 

Three  groups  (n = 7 in each)  were used: 0.0, 0.15 and  
0.30 pe rcen t  c o n c e n t r a t i o n  of  e thano l  in the water.  Based 
on e thano l  up take  studies using similar concen t r a t i ons  
[ 1 0 ] ,  the  level of e t hano l  in the  b lood  of  the  fish was 
expec t ed  to reach  65 percent  of the  water  c o n c e n t r a t i o n  
af ter  a per iod of  6 hr. 

These doses were selected to provide add i t iona l  poin ts  to  
s u p p l e m e n t  previously ob ta ined  data conce rned  wi th  the  
func t ion  re la t ing a lcohol  c o n c e n t r a t i o n  to aggression [ 1 0 ] .  
The a lcohol  was i n t r o d u c e d  wi th  st irr ing at 0800  
in quan t i t i e s  to con f o r m  to one of the  doses. Water  samples  
were taken  af ter  comple t i on  of  the  p rocedure  (7 hr)  to  
conf i rm a lcohol  concen t r a t i ons  in the  tanks.  

Six hours  a f te r  i n t r o d u c t i o n  of  the  e thano l ,  the res ident  
fish was presen ted  wi th  a live, male conspecif ic  ( conf ined  to 
a clear glass tube ,  100 m m  alia., filled wi th  water)  at a spot  
200 m m  from the  en t rance  to the  ceramic pot.  The 

in t rud ing  s t imulus  was left in place for 30 min ( h a b i t u a t i o n  
phase)  and  t hen  removed.  Af ter  a 5 rain period,  a d i f ferent  
s t imulus  fish was presen ted  in the same m a n n e r  for 2.5 min 
(s t imulus  specif ici ty test  phase).  An increase in response  to 
this  s t imulus  fol lowing ini t ial  dec remen t  in response  would  
indica te  tha t  the  fish was still capable  of  vigorous response 
and would con t ro l  for fatigue and sensory adap ta t ion ,  two  
general criteria for d e m o n s t r a t i n g  tha t  a dec remen t  in 
response  is t ru ly  hab i tua t i on .  

The e x p e r i m e n t e r  was s i tua ted  in f ron t  of  the  aquar ium 
with a hand  console  con ta in ing  b u t t o n s  which,  when  
pushed ,  registered f requency  and dura t ion  of various 
responses  on  an event  recorder .  The responses  r ecorded  
were: (1) f requency  of displays, where a display was 
c o u n t e d  each t ime the fish e x t e n d e d  gill covers and  
branchios tega l  m e m b r a n e s :  (2)  dura t ion  of each display:  
and (3)  f requency  of  bi tes  at the glass tube  con ta in ing  the  
s t imulus  fish. Three  measures were analyzed separate ly  and 
a four th ,  average display dura t ion ,  was calcula ted f rom the  
data on to ta l  display dura t ion  and f requency  of display. 
This data  yie lded a measure of du ra t ion  of  the  average 
th rea t  display at each t ime over the course of  the 
expe r imen t .  

RESULTS 

This s tudy  had two pr imary  concerns .  The  first was the  
effect  of  the  3 doses of  a lcohol  on the  overall  level of  
r e spond ing  in each measure.  Thus,  the  first set of  analyses 
compare  the  3 groups of  animals  on each of the  3 measures.  
The second conce rn  was whe the r  a given dose of  a lcohol  
a f fec ted  the  t o p o g r a p h y  of the responses,  tha t  is, the  
in te r re la t ions  of  the  responses  wi th  respect  to ease of  
e l ic i ta t ion,  rate of  hab i t ua t i on ,  degree of recovery,  etc. 
Thus,  the  second set of analyses provide a more  detai led 
descr ip t ion  of  the effects  of  each dose of  a lcohol  on the 
init ial  level and  t ime  course of each of the measures.  Each 
measure was graphed  for each drug cond i t ion  over  the  30 
min of h a b i t u a t i o n  and the 2.5 min of the  s t imulus  
specif ici ty  test  in Fig. 1. 

The data  of  the  30 rain of the hab i t ua t i on  phase were 
divided in to  twelve 2.5 min blocks. 

Overall Effect  oJ Dose on Elicitation and Habituation oJ' 
Aggressive Behaviors 

Display Jrequeney. A blocks by groups analysis of 
variance was pe r fo rmed  which  revealed a s ignif icant  t ime  
b locks  effect ,  F (11 ,198 )  = 5.58, p < 0 . 0 1 .  The blocks effect  
reflects an overall  d o w n w a r d  t rend  in response.  Examina-  
t ion  of  the  group means  reveal tha t  the 0.15 percent  group 
gave the  most  displays (X = 50.00)  fol lowed _by the  0 
percent  (X = 27.9) and  the  0 .30 percen t  group (X =- 12.0). 
T-tests  ind ica ted  tha t  all groups dif fered s ignif icant ly  f rom 
each o the r  (t  = 5.36, p < 0 . 0 1  for 0.15 vs 0 pe rcen t :  t = 6.89, 
p < 0 . 0 1  for 0 vs 0 .30 p e r c e n t ; d r =  12 all tests).  

Average display duration. A blocks by groups  analysis of  
variance d e m o n s t r a t e d  a reliable blocks effect  ( ref lect ing an 
overall d i m i n u t i o n  in dura t ion  of response over t ime,  
F ( 1 1 , 1 9 8 )  = 8.83, p < 0 . 0 1 )  and a s ignif icant  in t e rac t ion  
be tween  groups and  blocks F ( 2 2 , 1 9 8 ) =  2.32, p < 0 . 0 1 .  This 
effect  appeared  to be due to absence of  waning in the  0.15 
percen t  group.  To test  this suppos i t ion ,  the  first 3 t ime  
b locks  were poo led  and  compared  wi th  the  pooled  score for 
the  last 3 blocks by t-tests ( for  cor re la ted  means)  done 
separate ly  for each group.  The no rma l  group showed a 
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FIG. 1. Effects of 2 alcohol dosages and control on 3 indicies of 
aggression over the 12 2½ rain blocks of the habituation phase and 

the 2Yz rain stimulus specificity test. 

significant drop (t = 3.15, p<0 .025 ,  dr= 6) as did the 0.30 
percent  group (t = 2.75, p<0 .05 ,  df  = 6). The 0.15 percent  
group did not  diminish significantly be tween  first and last 
three blocks. 

Bites. A blocks by groups analysis of  variance for this 
measure yielded a significant groups effect ,  F(2,18)  = 4.87, 
p<0 .05 ,  a significant blocks effect ,  F(11 ,198)  = 1.88, 
p<0 .05 ,  and a significant interact ion,  F ( 2 2 , 1 9 8 ) =  1.73, 
p<0 .05 .  Examina t ion  of  the group means indicated that,  as 
with the display f requency measure,  the 0.15 percent  group 
was most  responsive (X = 46.7) with the 0 percent  group 
inte.rmediate (X = 27.3) and the 0.30 percent  group least 
responsive (X = 13.72). T-tests indicated that  each group 
differed significantly from each o ther  group (t = 4.80, 
p<0 .01  for 0.15 vs 0 percent ,  t = 4.01, p<0 .01  for 0 vs 0.30 
percent,  df  = 12 all tests). The significant overall blocks 
effect  reflects a general upward trend in responding, but  the 
significant in teract ion suggests that  there must also be some 

difference in t rend be tween  groups. To test this supposi- 
t ion,  a t-test (correlated means) was per formed between the 
pooled first 3 and pooled last 3 points  for each group. The 
0 percent  group showed a reliable increase from the start to 
the finish of  the period (t = 2.40, p<0 .05 ,  d f  = 6). Nei ther  
of  the alcohol  groups showed a reliable change over  the 
course of  the habi tuat ion phase. 

Overall Effect o f  Dose on Stimulus Specificity 

With the presentat ion of  a new stimulus after the 
habi tuat ion phase, it was expec ted  that  the various re- 
sponses would return to their  prehabi tuat ion levels or at 
least approach those levels. Tests were per formed compar-  
ing the last block of  the habi tuat ion phase with the 
st imulus specificity test. 

Display frequency. An analysis of  variance yielded a 
significant increase be tween the two blocks, F(1,18)  = 
18.37, p<0 .01 ,  as well as a significant difference be tween 
groups, F(2,18)  = 3.38, p<0 .01 .  The groups effect  reflects 
differences be tween groups in overall response level and 
does not  add new informat ion .  The upward t rend of  the 
blocks effect  indicates that  all 3 groups showed recovery of  
response, al though to differing degrees. 

Average display duration. There was no groups effect ,  
but  a reliable blocks effect ,  F(1,18)  = 13.75, p<0 .01 ,  
indicating recovery of  response during st imulus specificity 
testing. 

Bites. This measure yielded results somewhat  different  
f rom the others. There was a significant groups effect ,  
F(2,18)  = 4.91, p<0 .05 ,  and a significant interact ion,  
F(2,18)  = 10.80, p<0 .01 .  Inspect ion of  Fig. 1 shows that  
the 0 and 0.30 percent  groups show small decrease, and the 
0.15 percent  group showed a large increase. The decreases 
for the 0 and 0.30 percent  groups re turned them to their  
initial level of  responding. To return responding of  the 0.15 
percent  group to its initial level would  have required an 
increase, and this is what was found;  however,  the increase 
that  occurred far exceeded the initial and also the peak 
levels of  responding. Inspect ion of  scores for individual 
animals indicated that 3 of  7 animals in that group 
responded to the st imulus specificity test by an increase of  
1.5 to 2 t imes their  individual peak level for the habi tuat ion 
phase. Three o ther  animals responded at slightly below 
peak level and one animal responded far below peak level. 
Thus, 42 percent  of  the animals were hyperaggressive as a 
result of  the stimulus specificity test suggesting that the 
initial exposure may have sensitized those animals to later 
exposure  to an int ruding st imulus fish. 

Comparison with the earlier study. An earlier s tudy 
whose purpose was to study the initial response to the 
st imulus rather than habi tuat ion,  used an identical  proce- 
dure for 8 min o f  st imulus exposure  with doses of  0, 0.07, 
0.18 and 0.33 percent  alcohol.  Comparison of  the first 8 
min of  behavior for the groups of  the present s tudy provide 
coml~lementary points in the 8 min dose-response funct ion 
repor ted  previously [ 10].  Figure 2 presents these combined  
data expressed as a percentage of  the response of  the 0 
percent  alcohol  groups. As the figure shows, the present 
s tudy is quite  consistent  with the earlier results and serves 
as a replication of  the 1973 study. 

Effect o f  Dose on Response Topography - Habituation 
Phase 

Zero percent alcohol group. The long-term waxing and 
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waning  of  aggressive response  to  a live conspeci f ic  s t imulus  
have been  descr ibed previously [4, 9, 1 1].  Init ial ly,  the  
in te rac t ions  are charac ter ized  by f requent ,  long dura t ion  
th rea t  displays which  gradually wane in f r equency  and  
dura t ion  and give way to a t t ack  in the  form of  biting. The  
a t tack  also wanes if the  i n t rude r  is no t  driven f rom the  
te r r i tory .  The  results  observed here of  the  n o n d r u g  group (a 
decrease in average display du ra t ion  wi th  an increase in 
b i t ing  over the  30 rain, Fig. 3) are cons i s ten t  wi th  the  
previous f indings and are charac ter i s t ic  of each individual  
fish in the  group as well. This behaviora l  sequence  is, 
the re fore ,  n o  ar t i fact  of  grouping animals  for  means.  The 
func t iona l  ut i l i ty of this sequence is clear, the  t h rea t  
(display)  precedes  the  appearance  of v iolent  behav io r  
(bi tes) ,  thus  providing a mechan i sm whereby  in t rus ions  and  
b o u n d a r y  disputes  can be abbroga ted  w i t hou t  violence,  or 
at least w i t h o u t  unsignal led violence• 

Moderate (0.15 percent) alcohol group. Figure 4 illus- 
t ra tes  a very d i f ferent  t o p o g r a p h y  of  the  3 responses  over  
the  course of  the  expe r imen t .  Ins tead of  a p ic ture  of  
init ial ly f r equen t  long dura t ion  threa ts ,  decreasing over 
t ime  as b i t ing  gradually increased,  this  group showed an 
initial  f requency  of  displays near ly  twice tha t  of  the  
nondrugged  group and still increased in f r equency  over the  
first 20 min of  the  expe r imen t .  This t o p o g r a p h y  is 
character is t ic  of  a hyperaggressive fish, emi t t ing  shor t  
displays and  bi tes  at a high rate with  no  preceding  per iod  of 
long du ra t ion  threats .  Such a fish is r e spond ing  to the  
in t rud ing  conspecif ic  wi th  immedia t e  violent  behav ior  wi th  
lit t le or no  warning.  

ttigh (0.30 percent) alcohol group• This group presents  a 
p ic ture  (Fig. 5) very nearly the oppos i te  of  the mode ra t e  
a lcohol  group (and  can best  be charac te r ized  as hypoaggres-  
sive relative to the  n o r m a l  group).  The displays were less 
f r equen t  (ha l f  as f r equen t  as normals ) ,  a l t hough  longer  in 
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dura t ion .  Bites showed  no  signif icant  change f rom a near  
zero rate.  I f  our  suppos i t ion  is correc t  tha t  long dura t ion  
th rea t  displays are character is t ic  of  an early stage in an 
aggressive encoun te r ,  t hen  the  high dose group would 
appear  to  be re tarded  in the  progress of  the  sequence,  
ma in ta in ing  long dura t ion  displays much  longer  than 
normal ,  bu t  emi t t i ng  t h e m  at a lower  f r equency  than  
normal .  Fish in this  group gave no  ou tward  appearance  of  
e i the r  d isequi l ibr ium or l o c o m o t o r  diff icul ty.  Indeed,  they  
were indis t inguishable  f rom the o the r  groups in this  regard, 

Effect o f  Dose on Response Topography Stimulus 
Specificity 

If  the  change in behav ior  observed in response  to one 
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s t imulus  is specif ic  to  t ha t  s t imulus ,  we would  expec t  t h a t  a 
new s t imulus  would  elicit  a response  c o m p a r a b l e  to  t ha t  
el ici ted by  the  original  s t imulus .  Prior  s tudies  [ 13] showed  
tha t  p r e s e n t a t i o n  of  a novel  s t imulus  fish in a new loca t ion  
resul ted  in comple te  recovery  of  responsiveness ;  presenta-  
t ion  of  the  original  s t imulus  fish in a new loca t ion  or a new 
fislh in the  old loca t ion  resul ted  in i n t e r m e d i a t e  levels of  
re cove ry. 

In the  present  s tudy ,  the  s t imulus  specif ic i ty  test  
cons i s ted  of  p resen t ing  a new s t imulus  fish in the  old 
loca t ion  and,  on the  basis of  the  s t u d y  m e n t i o n e d  above  
[ 1 3] we would  expec t  r e spond ing  to rever t  in the  d i rec t ion  
of  the  ini t ial  level for  each  response.  As Figs. 3, 4 and  5 
show,  tha t  is wha t  was found  in all groups.  Display 
f r equency  and  average dura t ion  increased  to near  the  
original  level while bi tes  reduced  in f r equency  wh ich  
represents  a r e tu rn  to ini t ial  stage (which  consis ted  of  a low 
level of  bi t ing) .  

The  reac t ion  of  the  m o d e r a t e  (0.15 pe rcen t )  a lcohol  
g roup  to  the  nove l  s t imulus  fish was charac te r i zed  by  a very 
large increase in bi tes  coupled  wi th  m a n y  very shor t  
displays.  R a t h e r  than  r e tu rn ing  to the  original  level of  
r e spond ing  as the  n o n - a l c o h o l  group did, this  group reac ted  

wi th  an exaggera ted  aggressive response  to the  novel  
in t ruder .  The high (0 .30  pe rcen t )  a lcohol  group,  on the  
o t h e r  hand ,  showed  less p r o n o u n c e d  s t imulus  specif ic i ty  
t han  the  o t h e r  groups,  p r o b a b l y  due to the  depressed level 
of  r e spond ing  in this  group in general .  

DISCUSSION 

The  results  of  this  s t udy  leave l i t t le  d o u b t  t ha t  a lcohol  
has p r o f o u n d  effects  on  the  e l ic i ta t ion  and  h a b i t u a t i o n  of  
aggression in the  convic t  cichlid.  The ef fec ts  are no t  on ly  
quan t i t a t ive ,  bu t  also qual i ta t ive  when  one considers  the  
i n t e r r e l a t i onsh ips  of  the  var ious measures  of  aggression 
s tudied.  

The modera t e  dose failed to p roduce  the  long th rea t  
displays charac ter i s t ic  of  the  n o r m a l  fish before  he deliv- 
ered an a t tack .  W'e conc lude  t ha t  such a fish would ,  in a 
face to face e n c o u n t e r  wi th  an u n i n t o x i c a t e d  rival, fail to 
provide the  a c c u s t o m e d  th rea t  sequence  before  a t t ack ing  
and  t hen  a t t ack  wi th  above n o r m a l  f r equency  of  bites. The 
resul t  might  well be tha t  the  u n i n t o x i c a t e d  an tagon is t  
would be defea ted  and  driven off,  or, in a con f ined  space, 
severely in jured  or killed. On the  o t h e r  hand ,  the  h igher  
dose group showed  hypoaggress ion ,  charac te r ized  by more  
long th rea t s  and  very few bi tes  even far a long dur ing the  
expe r imen t a l  per iod  when  the  n o r m a l  group had begun to 
sho r t en  the i r  displays and  had c o m m e n c e d  bit ing.  It is 
l ikely tha t  such a fish would  be at a d isadvantage  in an 
agonis t ic  encoun te r .  

The fact t ha t  a mode ra t e  dose of  a lcohol  p roduces  one 
ef fec t  and  a higher,  bu t  non -deb i l i t a t i ng  dose p roduces  an 
oppos i te  effect ,  wi th  the  no rma l  group in be tween ,  would  
rule ou t  such a s implis t ic  exp lana t ion  as tha t  of  a lcohol  
be ing  a general  inh ib i to r .  The  biphasic  ac t ion  of  a lcohol  has 
also been  r epo r t ed  for cer ta in  h u m a n  pe rcep tua l  func t ions  
( [19 ]  pp. 2 8 8 - 2 9 0  [ 2 2 ] )  and  for  some types  of  h u m a n  
pe r fo rmance  ( [4 ]  pp. 3 3 6 - 3 4 4  [18 ] ). But  the  ef fec t  is no t  
found  for  all tasks no r  for  all response  sys tems and oppos i te  
effects  may be found  in d i f ferent  sys tems as when  EEG 
slowing was observed  c o n c o m i t a n t  wi th  improved  cogni t ive 
pe r fo rmance  [ 2 ] .  In h u m a n  studies ,  the physiological  s ta te  
as well as the  s t ressfulness  of  the  e x p e r i m e n t  t end  to 
modi fy  the  effects  of  a given dose ( [20 ]  p. 245 [3] ). While 
it would be conven ien t  to  be able to  speak of  a single 
un id i rec t iona l  ef fec t  o f  a lcohol  on  aggressive behavior ,  the  
de l inea t ion  o f  a dose-response  func t ion  as complex  as tha t  
observed in this  s tudy  may  be of  grea ter  benef i t  in 
exp la in ing  the  m a n y  diverse effects  tha t  a lcohol  has on 
behavior .  
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